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Abstract: Urban settlements have globally expanded into rural land. Being influenced by complex
socio-environmental dynamics and sometimes acting as a reserve of economic value, fallow land has
characterized rural areas in a distinctive way over the last decades. The present work debates on the
role of fallow land as a component of Mediterranean peri-urban landscapes, considering together
different aspects from environmental/agronomic and regional science perspectives. An empirical
analysis of the latent relationship between spatial distribution of fallow land, agricultural landscape
(land-use, territorial, and topographic characteristics), and urban sprawl was carried out in a
representative Mediterranean case study (Athens, Greece) evidencing the possible linkage between
urban growth/containment, conservation of rural biodiversity/local traditions, and fallow land
(intended as a candidate source of buildable land) in fringe districts. Urban growth at the local scale
was contrasted with the spatial distribution of fallow land under sequential expansions and recessions
of the regional economic system. Conservation of marginal rural land in fringe districts—including
fallow land—is a necessary target of any sustainable land management strategy in metropolitan
contexts experiencing rapid socioeconomic transformations.
Keywords: agricultural landscape; olive groves; metropolitan area; sustainable land
management; Greece
1. Introduction
Urbanization-driven land take exerts serious environmental pressures on agricultural landscapes
worldwide, particularly in peri-urban areas, and is molded by social forces associated with residential
development, demographic change, economic growth, and improvements in infrastructures and
transportation. Policy strategies and planning instruments aimed at containing agricultural land
consumption usually adopt more or less specific approaches, based on the intimate characteristics
of target areas. Zoning approaches may draw on information dealing with land-use transitions and
their detrimental role altering the functionality of soils, water balance, or habitat quality at specific
locations [1]. Results of earlier studies showed that rapid expansion of built-up areas in metropolitan
regions of economically-advanced countries led to accelerated land-use conversion, determining land
abandonment and a consequent loss of cropland [2].
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Transformation of agricultural landscapes are widespread land-use changes in temperate
regions, leading to crop intensification (or land abandonment) at certain locations and a growing
dependence on other world regions for many agricultural products. Natural conservation policies
and socio-demographic transitions leading to accelerated internal migration, e.g., from rural to urban
areas, are intrinsic forces contributing to shape such dynamics. The socio-environmental outcomes
of land abandonment/recovery and the potential for agricultural intensification (or extensivation)
hinge on incomplete knowledge about the spatial patterns of farmland transformations at the
regional scale, the related driving forces, and the underlying socioeconomic context at the
local scale. A comprehensive assessment of different use of rural land—including abandoned
cropland and recovery of previously abandoned farmland—forms a basis for assessing the
environmental outcomes of different agricultural practices and the potential of unused land for
food production, bioenergy, and carbon storage [3–9], also evidencing the role of imperfect local
markets, technological backwardness, farmholder’s inaction, and the impact of economic crisis on
local agricultural productions.
Fallow land is a specific use of rural land. Being a consolidated and environmentally-friendly
agronomic practice, set-aside is sometimes associated with specific cropland (e.g., cereals) and defined
characteristics of entrepreneurs. Set-aside land was shown to be an effective way to improve soil
chemistry and increase biodiversity on arable farmland. In this regard, as a result of set-aside practices,
fallow land is commonly defined as a farmland ploughed and harrowed but left for a period without
being sown—to restore its fertility or to avoid surplus production. Set-aside has been extensively
subsidized within the European Union (EU) Common Agricultural Policy framework. Subsidies to
set-aside were introduced by the European Economic Community in 1988 (Regulation No. 1272/88),
with multiple objectives dealing with both economic targets and environmental benefits—following
considerable damage to agricultural ecosystems and wildlife as a result of the intensification of many
agricultural systems. Set-aside became compulsory in 1992 for large arable farmers as part of the
MacSharry reform of the Common Agricultural Policy. The European Commission reduced the
set-aside requirement to 0% in 2008, agreeing to abolish set-aside through the Common Agricultural
Policy (CAP) Health Check.
In a continuous effort to make agriculture more environmentally-friendly and socially sustainable,
agri-environmental schemes have been introduced as part of European Union’s (EU) Common
Agricultural Policy and are now a key issue in any strategy of rural development [10]. Methodological
approaches to analyze agri-environmental schemes include the use of specific indicators of rural
development, concentrating on sustainable agronomic practices and land-use. The ratio of fallow land
in total arable land or in total utilized agricultural area is considered a relevant agri-environmental
indicator, and a higher percentage of fallow land in a rural landscape may reflect (more or less
intense) processes of agricultural extensivation, contributing to distinguishing ”performance” effects
(e.g., agricultural practices) from “outcome” effects (e.g., environmental impacts) under specific subsidy
regimes. Change in the extent of fallow land is considered an implicit indicator of land-use intensity at
the regional scale [10]. Diachronic agri-environmental indicators evaluating trends over time in fallow
land at farm and district (i.e., local) scale also provide basic information on change (or maintenance) of
traditional land-use and place-based agricultural management practices.
While the extent of fallow land is particularly high in traditional farming systems—especially
under poorly or moderately fertile soils and at higher elevation (mountain or upland districts)—fallow
land are also relatively common in peri-urban contexts. In this regard, subsidies to set-aside and
other economic incentives to ecologically-friendly agronomic practices are considered particularly
important in fragmented environments typical of metropolitan regions where relevant land-use
conflicts exist and consolidate over time (e.g., thanks to the expansion of both residential and service
settlements). Experiencing opportunities and constraints typical of fringe districts, peri-urban farms
are increasingly required to cope with both economic targets (i.e., improving agricultural productions
in both quantitative and qualitative terms) and environmental targets (e.g., providing ecosystem
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services for local communities and the surrounding cities), in a context where pressure for land is
particularly high (driven by real-estate speculation and planning deregulation) and where fertile soils
are progressively abandoned thanks to latent socioeconomic forces underlying urban sprawl.
A sustainable land management strategy for metropolitan regions is increasingly required
to quantify long-term and short-term land-use changes, identifying trends in relevant driving
factors [11–13], with special regard for cropland—being largely consumed by urban expansion. Due
to multifaceted social processes, landscape transformations in advanced economies involve several
interacting actors [14]. Since the early 1980s, European Mediterranean cities have experienced a
rapid transition from mostly compact and dense models to various steps of a more discontinuous
morphology characterized by huge expansion around inner cities [15]. Trends toward “compact
growth” observed up to the early 1990s and the following “discontinuous urbanization” have affected
land-use structure and peri-urban farming in a different way [16], reflecting a spatially-varying rate
of land consumption and high impact on specific cropping systems. How the changing use of land
represents a target for policies mitigating soil consumption has been discussed in earlier studies,
e.g., [17]. However, empirical evidence from different socioeconomic contexts is still necessary to
identify the latent relationship between urban growth, peri-urban farming and transformation of rural
landscapes in Mediterranean fringes.
Based on these premises, fallow land dynamics over a relatively long time period characterized
by different subsidies’ regimes—together with basic information on total cropland increase or
decline—was considered a useful indicator to infer latent transformations in peri-urban landscapes and
to propose strategies that may promote peri-urban agriculture and/or preserve relict cropping systems.
While being largely influenced by the related subsidies’ regime, fallow land is considered an element
of peri-urban landscapes possibly associated with specific characteristics of the regional economic
structure and the local community. In such contexts, it was hypothesized that fallow land increased in
size over the study period together with direct payments to farmers (EU subsidies), declining more
or less rapidly in the most recent transitional phase of rural development, with subsidies oriented
mostly to fulfil environmental targets. Our work added to this assumption hypothesizing that fallow
land is (i) an additional stock of economic value (depending on the intensity of land speculation
and the flexibility of regional planning systems, allowing—or preventing—change in zoning rules
that authorize conversion to urban use), or (ii) a stock of rural land immediately available for crop
intensification. Considering the transition from economic expansion to crisis, the present work focuses
on the Athens metropolitan region (Greece), investigating regional-scale cropland dynamics and
long-term trends in fallow land area in a peri-urban landscape dominated by traditional crops—mainly
olive—and progressively threatened by urban sprawl. A spatially-explicit analysis of the distribution
of fallow land at municipal scale complemented this work, analyzing the background socioeconomic
context at the same spatial scale as a possible factor of landscape change. Athens was regarded as a
paradigmatic Mediterranean city [18–20], with long-term development processes being representative
of both “compact” and “dispersed” waves of urban expansion [21–26]. By considering fallow land
together as a proxy of agricultural intensification/extensivation and as an indirect indicator for the
increasing pressure of real estate speculation on rural land, our study sheds further light on latent
processes of urban growth and agricultural recovery/decline at the fringe of a large Mediterranean
city over sequential economic expansions and recessions. In this regard, economic downturns may
shape the socioeconomic context, influencing rural land-use and farmland characteristics in a different
way, e.g., stimulating rural land-use over time periods when building activity is depressed thanks
to economic crisis. Empirical findings of this study may provide a relevant knowledge base to
understanding latent mechanisms of landscape transformation in other European contexts with similar
ecological and territorial characteristics.
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2. Materials and Methods
2.1. Study Area
According to the standardized definition of metropolitan areas in Europe proposed by the Urban
Atlas initiative [27,28], the Athens’ metropolitan region was selected as the study area [26]. This area
extends nearly 3000 km2 and coincides with a large part of the administrative region of Attica, central
Greece (Figure 1). The area is administered by 114 municipalities classified as urban (n = 58, coinciding
with the Greater Athens’ area) or rural (n = 56, forming a district called “rural Attica” in this study) and
belonging to one of the four Attica prefectures: Athens, Eastern Attica, Western Attica, and Piraeus [29].
The study area consists mainly of mountains bordering the flat district of Athens and three coastal
plains (Messoghia, Marathon, and Thriasio) [30]. The prevailing climate regime is Mediterranean dry,
with annual rainfall ranging between 350 and 700 mm and annual average air temperatures around
17–19 ◦C. Although being traditionally devoted to Mediterranean crops (olive trees and vineyards),
the region underwent a massive urban expansion in the last two centuries [31,32]. The area is the
most densely populated in Greece (more than 4400 inhabitants/km2 in 2011) and population density
has increased nearly 2900 inhabitants/km2 between 1951 and 2011. Since the early 1980s, the area
experienced suburbanization with a progressive expansion of discontinuous fringe settlements [22].
Rural districts of Messoghia and Thriasio were especially involved in a subtle process of metropolitan
expansion driven by real estate speculation and public/private investments during the Olympic
Decade [23]. Since the late 2000s, Attica has experienced an intense economic recession [25,33].
Combined with austerity urbanism and neoliberal policy reforms, recession determined diffused
unemployment and job insecurity, income decline, poverty and social unrest [34,35]. As a side
effect of recession, moderate counter-urbanization was observed, fueling “back-to-the-land” social
movements [36].
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2.2. Land-Use Indicators
Statistical data aggregated at the prefectural or regional scale were considered to assess the
distribution of different types of cropland in the Greater Athens’ area, rural Attica, Attica as a
whole, and Greece between 1970 and 2015. Municipalities were selected as the elementary spatial
domain for more detailed analysis over a shorter time interval (1993–2015). Information on the
dominant agricultural land-use at the municipal scale were derived from official statistics provided by
a comprehensive agricultural survey held every year in Greece by the Hellenic Statistical Authority
(hereafter ELSTAT) and quantifying land-use (annual crop, tree crop, and fallow land) at the municipal
scale since 1993. This data source may provide a comprehensive outlook of recent transformations
of the agricultural landscape in the area, giving specific information on rural land-use and the main
agricultural practices. Two indicators (utilized agricultural area in total municipal area and fallow
land in total agricultural land) were calculated at the selected spatial scale and at three different dates
(1993, 2006, and 2015) with the aim to define the possible impact of economic expansion (before 2006)
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and recession (after 2006). The percentage of fallow land under economic subsidies (mainly under the
European Common Agricultural Policy framework) was also derived from the same statistical source
for the year 2015. A map illustrating the progressive loss of cropland from each municipality of the
study area was prepared indicating the year when the complete disappearance of agricultural land
(e.g., due to urban expansion) was observed. Twelve additional background indicators assessing basic
characteristics of the socio-demographic context (population density, forest land in total landscape,
per-capita built-up area, distance from Athens, Piraeus, Maroussi, Markopoulo Messoghias, municipal
area, per-capita declared income (log-scale), share of inhabitants living and working in the same
municipality in total population, share of population residing in the same municipality five years before
the census in total population, and share of non-native population born in total resident population)
were derived from official statistics mainly based on ELSTAT censuses and public registers.
2.3. Data Analysis
The spatial distribution of the adopted indicators was analyzed using maps and descriptive
statistics. A non-parametric statistical approach was developed to analyze land-use and background
indicators adopted in this paper since most of the variables considered in this study display relevant
deviations from normality. A cluster analysis based on a two-way joining procedure was run on two
standardized indicators (agricultural utilized area to total municipal area and fallow land to total
agricultural utilized area) at three time points (1993, 2006, and 2015) with the aim to identify similarities
and changes in the spatial distribution of total cropland and fallow land over time, contributing to
identify latent patterns of rural land-use and farmland transformations. Municipalities were regarded
as the elementary analysis’ domain. Two-way joining is probably one of the most commonly-used
multivariate (non-parametric) techniques under the hypothesis that both cases and variables will
simultaneously contribute to the uncovering of meaningful patterns of clusters. Two-way joining
analysis produces a graph ordering cases (municipalities) and variables (land-use indicators) based on
similarity/dissimilarity patterns. The graph also indicates a standardized score (with zero-average
score) for each case and variable using different colors. Such a graph contributes to identifying specific
clusters based on similar (negative or positive) scores for a defined group of variables and cases.
The difficulty when interpreting results from this technique may arise from the fact that
similarities between different clusters may pertain to (or be caused by) somewhat different subsets of
variables, leading to the assumption that the resulting structure (clusters) is, by nature, heterogeneous.
To investigate the impact of spatial heterogeneity on clustering structures, a non-parametric correlation
analysis based on pair-wise Spearman co-graduation coefficients was run between the land-use
indicators mentioned above and a set of background indicators at the same spatial scale (municipalities).
Spearman coefficients range between 1 (the highest positive correlation) and −1 (the highest negative
correlation) with 0 indicating absence of both linear and non-linear correlation between variables.
Significance was tested at p < 0.05 after Bonferroni’s correction for multiple comparisons. Spatial units
(municipalities) where cropland disappeared before 1993 (e.g., urban areas, such as the municipalities
of Athens and Piraeus) were excluded from both analyses (two-way clustering and Spearman
correlations).
3. Results
3.1. Trends over Time in Total Cropland and Basic Classes of Rural Land-Use Including Fallow Land in Attica
Table 1 illustrates trends over time in total cropland and specific land-use between 1970 and 2015
in the study area, distinguishing urban from rural districts. In the Greater Athens’ area—a consolidated
urban area around the central cities of Athens and Piraeus—cropland extended 4.2% of total land
in 1970 and declined to 0.1% in 2006 and 2015. Arable land accounted for 20% of cropland in 1970
decreasing to around 1% in mid-2000s. Garden crops decreased considerably (from 39% to 21% over
the study period); vineyards were relatively stable around 4%, although with a temporary increase to
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12%–13% in the late 1990s and mid-2000s. Tree crop increased considerably from 12% (1970) to 74%
(2015). Percentage of fallow land in total cropland doubled between 1970 and 2006; nearly half of
cropland was managed as fallow land in 2006. This percentage declined substantially in the last time
interval, reaching 0% in 2015.





















Greater Athens’ area Rural Attica
1970 4.2 19.9 38.6 4.4 12.3 24.8 42.5 22.0 5.4 16.6 22.8 33.2
1979 3.2 15.6 35.0 4.2 18.7 26.4 39.6 19.5 4.7 17.1 26.5 32.2
1988 2.9 12.3 28.0 3.2 16.1 40.5 38.3 18.7 6.0 15.5 29.2 30.6
1997 2.2 14.6 5.6 12.0 32.1 35.6 38.0 14.6 5.6 12.0 32.1 35.6
2006 0.1 0.9 25.8 13.2 12.2 47.9 29.6 13.8 7.6 9.6 34.7 34.3
2015 0.1 1.3 20.5 4.3 73.9 0.0 20.2 18.5 6.0 12.2 53.2 10.0
Attica as a whole Greece
1970 28.9 22.0 5.8 16.4 22.7 33.1 30.9 61.9 2.6 5.4 16.6 13.4
1979 26.9 19.4 5.2 16.9 26.4 32.1 31.0 60.0 2.8 4.8 19.6 12.8
1988 26.0 18.6 6.4 15.3 29.0 30.7 30.4 59.0 2.8 4.1 22.3 11.8
1997 25.7 14.5 5.8 12.0 31.9 35.8 29.8 57.6 3.1 3.4 24.4 11.5
2006 19.8 13.8 7.7 9.5 34.7 34.3 28.5 55.3 3.0 3.4 26.9 11.4
2015 13.5 18.5 6.1 12.2 53.2 10.0 24.9 52.9 2.1 2.9 31.0 11.2
Rural Attica experienced a strong decline in total cropland. The percentage of cropland in the
total landscape halved during the study period (42.5% in 1970; 20.2% in 2015). The proportion of
arable land and garden crops in total farmland remained substantially stable over time; vineyards
decreased moderately over the same time period. The most relevant changes in the Attica’s agricultural
landscape involved tree crop, increasing continuously over time from 23% (1970) to 53% (2015).
Fallow land remained quite stable up to 2006, with proportions in total cropland ranging between
30% and 36%. In 2015, fallow land accounted for only 10% of total cropland in rural Attica. Similar
dynamics were observed in the whole of Attica. In Greece, cropland decline was relatively milder,
moving from 31% of total land (1970) to 25% (2015). Being the dominant agricultural land-use in
Greece, arable land decreased by nearly 10% over the study period (from 61% in 1970 to 52% in 2015).
Garden crops were substantially stable, and vineyards decreased moderately (from 5% in 1970 to 3%
in 2015). Tree crop increased continuously, passing from 17% (1970) to 31% (2015). Finally, fallow
land decreased moderately from 13% (1970) to 11% (2015) showing a substantial stability between
2006 and 2015. This evidence outlines that decline of fallow land during the last economic recession
in Greece was a phenomenon specifically observed in peri-urban areas, and more specifically in the
Athens’ metropolitan region. This phenomenon was coupled with more general, long-term trends of
agricultural extensivation (increase in tree crop, mainly olive) and local-scale specialization.
3.2. Spatial Distribution of Total Cropland and Fallow Land in Attica
Figure 2 illustrates the spatial distribution of selected land-use indicators in the study area through
maps. A specific district corresponding with the Greater Athens’ area was identified where cropland
has disappeared before 1993. This area—including the central cities of Athens, Piraeus, and the
surrounding municipalities—was heavily urbanized since the early 1950s and reached the highest
population concentration in the 1970s (with density approaching 15,000–20,000 inhabitants per km2)
and the complete saturation of open spaces in the late 1980s. A circular fringe district around the
Greater Athens’ area was progressively involved in a process of land conversion from agriculture
to residential settlements. The left, top map illustrates the progressive disappearance of cropland
from fringe municipalities northeast of Athens between 1993 and 2015, including some coastal areas
situated in Eastern Attica prefecture further away from Athens (Rafina, Nea Makri). These areas were
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originally devoted to cropland and are well connected to the most traditional agricultural districts of
Messoghia and Marathon.
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The spatial distributio f the most stable agricultural areas in the Athens’ m trop litan egion
als reflects soil quality. The low st proportion of cropland conversion to built-up areas was observed
for high- or medium-quality soils, mainly observed in flat districts of Marathon, Messoghia and
Keratea (Eastern Attica), Oropos (Northern Attica), and Thriasio/Megar (Western Attica). Thriasio
and Megara were districts specialized in traditional cropland (olive, vine, wheat) since antiquity.
Cropland in 1993 was characterized by a rather homogeneous, radial distribution around the
Greater Athens’ area (middle left map). More than 10 years later, cropland declined in Thriasio
and Messoghia, two traditional rural districts in Attica particularly exposed to urban sprawl thanks to
the infrastructural development typical of the Olympic period (e.g., the new international Airport in
Spata and the Attiki motorway in Messoghia, the new railway deposit, and the new national motorway
in Thriasio). In 2015, cropland decline was evident in remote rural districts in Northern Attica (Oropos)
and Western Attica (Megara). These areas are less exposed to sprawl but relatively well accessible
from the central city.
The spatial distribution of fallow land followed only partly the pattern described above for total
cropland. In 1993, the highest percentage of fallow land in total cropland was observed in marginal
rural districts of Attica (Salamina, Oropos, and Thriasio) and in some fringe municipalities north
of Athens (Ano Liosia, Kifissià, Maroussi). Maintaining a stable share in total cropland compared
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with 1993, fallow land concentrated in Salamina Island, Northern Attica (Oropos), and Eastern Attica
(Messoghia) in 2006. In the last 10 years, fallow land decreased drastically all over the study area, with
the exception of Keratea/Lavrio district, Thriasio plain, and some sparse municipalities in Northern
Attica (Oropos) and Messoghia (Koropi, Vari, Spata). The relationship between the percent change
over time in total cropland and in fallow land followed a distinct pattern over the two studied intervals
(Figure 3). The first-time interval reflects economic expansion (1993–2006) and was characterized by a
positive relationship between the two variables (Spearman rank correlation, rs = 0.4, p < 0.05, n = 79),
indicating that the percentage of fallow land in total cropland was proportional to the percentage of
cropland in total landscape. A more mixed and random pattern was observed during the subsequent
recession period (2006–2015) when the relationship between the two variables was non-significant.
This means that the proportion of fallow land changed over time irrespective of the total stock of
cropland at landscape scale; such a pattern can be seen as a result of the progressive reduction in
subsidies to set aside. The share of fallow land receiving subsidies in total fallow land (2015) increased
in areas less specialized in agriculture (e.g., Oropos in Northern Attica), or more exposed to urban
expansion (e.g., Acharnes in the Greater Athens’ area, Salamina Island, and Messoghia district in
Eastern Attica), being considerably lower in areas traditionally devoted to specialized cropland with
high economic value and less affected by urban sprawl (e.g., Megara in Western Attica, Marathon in
Eastern Attica). In such context, our findings suggest that fallow land may acted as an additional land
stock. In the case of Athens, an increasing proportion of land was destined to crop production during
crisis, mainly tree crop.
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3.3. Results of a Two-Way Clustering
A specific analysis of processes of convergence (or divergence) over time between total cropland
and fallow land in total landscape was based on a two-way clustering (Figure 4) that explores spatial
trends of both variables at three time points (1993, 2006, 2015) over the study area. The same color
in Figure 4 indicate a similar pattern between variables, characterized by values respectively below
the average (green) or above the average (red). Fallow land in 2015 displays a divergent distribution
in respect with the same variable in previous time points (1993 and 2006). These results confirm
the empirical findings described in Section 3.2. Fringe municipalities surrounding central Athens
clustered at the top of the graph and were characterized by low standardized values (<−1) of the
share of cropland in total landscape. More mixed clusters of municipalities were observed in rural
Attica, where similar variables’ ranks were observed for land-use indicators at 1993 and 2006 and
dissimilar ranks between total cropland and fallow land were recorded for 2015. In other words,
two-way clustering ordered spatial units along the urban-rural gradient in Athens, evidencing a strong
similarity among peri-urban municipalities and a more mixed pattern for rural municipalities.
Agriculture 2018, 8, 159 9 of 17Agriculture 2018, 8, x FOR PEER REVIEW  9 of 16 
 
 
Figure 4. Results of two-way clustering by land-use indicators (columns) and municipalities (rows); 
the left rank indicates the share of built-up areas in total landscape for each municipality of the study 
area (colors illustrate the standardized value for each variable according to the legend on the right 
side of the graph). 
3.4. Spearman Rank Correlation Analysis 
Pair-wise correlations between land-use indicators and background variables were studied 
through a Spearman non-parametric analysis (Table 2) with the aim to identify the most relevant 
socio-demographic factors associated with a progressive decline of total cropland and fallow land 
over time. Total cropland decreased significantly with population density and increased with the 
distance from Athens, Piraeus, Maroussi, and with the proportion of workers living and working in 
the same municipality. A stable correlation profile was observed for the three study years. 
Additionally, total cropland increased with per-capita built-up area and decreased with per-capita 
declared income in 2015. In line with the spatial pattern observed for total cropland, fallow land 
decreased with population density for all years examined. A more specific correlation pattern was 
observed for 2015, when fallow land increased with forest land, per-capita built-up area, and 
distance from Athens and Maroussi. This pattern indicates that, after a crisis, fallow land 
concentrated in more remote, rural districts, where land profitability is lower; in more accessible 
rural districts fallow land declined rapidly during recession, irrespective of cropland decline; in such 
areas fallow land was more likely cultivated during a crisis, thanks to higher land profitability and 
the overall reduction of subsidies. Such dynamics may also reflect the intrinsic decrease in building 
activity in the last decade and the reduced pressure of land speculation associated with a negative 
peak in the real estate market. The share of subsidized fallow land in total fallow land decreased 
with the distance from Messoghia and with residential mobility (an indicator of urban expansion 
typically higher in Eastern Attica than in Western Attica), increasing significantly with per-capita 
declared income and the share of the non-Greek population native to Europe in the total resident 
population. 




Fallow Land  
in Total Cropland 
Subsidized Land 
1993 2006 2015 1993 2006 2015 
In Total  
Fallow Land 
Population density −0.60 −0.67 −0.74 −0.42 −0.47 −0.49 
Forests in total landscape 0.44 
Per-capita built-up area 0.74 0.48 0.46 
Distance from Athens 0.53 0.64 0.69 0.43 
Figure 4. Results of two-way clustering by land-use indicators (columns) and municipalities (rows);
the left rank indicates the share of built-up areas in total landscape for each municipality of the study
are (colors illustrate the standardized value for each vari ble according to t e legend on the right side
of the graph).
3.4. Spearman Rank Correlation Analysis
Pair-wise correlations between land-use indicators and background variables were studied
through a Spearman non-parametric analysis (Table 2) with the aim to identify the most relevant
socio-demographic factors associated with a progressive decline of total cropland and fallow land over
time. Total cropland decreased significantly with population density and increased with the distance
fro Athens, Pir eus, Maroussi, and with the proport on of workers living and working in the same
municipality. A st ble correlation profile w s observed for the three study years. Additionally, total
cropland increased with per-capita built-up area and decreased with per-capita declared income in 2015.
In line with the spatial pattern observed for total cropland, fallow land decreased with population
density for all years examined. A more specific correlation pattern was observed for 2015, when fallow
land increased with forest land, per-capita built-up area, and distance from Athens and Maroussi.
This pattern indicates that, after a crisis, fallow land concentrated in more remote, rural districts,
where land profitability is lower; in more accessible rural districts fallow land declined rapidly during
recession, irrespective of cropland decline; in such areas fallow land was more likely cultivated during
a crisis, thanks to higher land profitability and the overall reduction of subsidies. Such dynamics may
also reflect the intrinsic decrease in building activity in the last decade and the reduced pressure of
land speculation ssociated with a negative peak in the real estate market. The share of subsidized
llo land in total fallow land decre s with the distance from Messo ia and with residen ial
mobility (an indicator of urban expansio typi ally higher in Eastern Attica than in W stern Attica),
increasing significantly with per-capita declared income and the share of the non-Greek population
native to Europe in the total resident population.
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4. Discussion
Landscape transformations were more intense in local contexts where resident population
increased rapidly because of suburbanization and where ecosystems are more fragile due to specific
land conditions [31,37–51]. Attica’s landscape experienced soil consumption and changes in rural areas
producing negative environmental externalities [52]. With economic crisis, a small, but increasing,
number of residents in Greek cities (especially in Athens and Salonika) declared the willingness
to leave their city with the aim to work in the agricultural sector [29,53,54]. Moreover, an earlier
study on farmers’ multiple activities in peri-urban districts of Attica stated that 40% of the household
members who are of working age have declared to have two or more jobs, because peri-urban districts
surrounding central cities offer more opportunities for alternative jobs than strictly rural areas [53].
The empirical analysis carried out in this study contributes to distinguish the most urbanized
contexts close to the Greater Athens’ area from the rest of the metropolitan region. Athens has
experienced one of the most rapid expansions of resident population, income, and settlements in
Southern Europe [31,32,53]. A trend toward discontinuous urban expansion was observed since the
1980s [55,56], with a prevalence of medium-low density settlements expanding along the sea coastline
and in Messoghia district (Eastern Attica), following suburbanization processes [18,22,57]. With recent
changes in the Athens’ socioeconomic context, building activity declined markedly since the 2007
financial crisis [58].
The inherent modifications of the rural landscape in metropolitan Attica are strongly associated
with the local socio-demographic context, possibly reflecting sequential cycles of economic growth and
crisis. Fallow land was demonstrated to be a relevant element of this transforming landscape, being
relatively stable over time in Attica. During economic expansion, fallow land increased moderately
or remained stable, despite a progressive decline in total cropland at the municipal scale. Together
with other socioeconomic reasons, this pattern can be associated with the EU subsidy regime of direct
payment to set-aside. In such a context, fallow land concentrated in fringe districts surrounding the
Greater Athens’ area, where agriculture competed more strongly with urban expansion.
During crises, fallow land decreased in more accessible rural areas coinciding with an inherent
reduction in direct subsidies to farmers. In these areas, fallow land was sometimes converted to more
productive crops, including vines and olives, as the official statistics at an aggregate spatial scale may
indicate. This transition occurred in spite of strong accessibility to downtown Athens and high land
prices—in many cases associated with a context of planning deregulation and ineffective/partial land
cadaster. A marked decline in building activity and real estate speculation driven by recession was
considered an indirect factor leading to productive transformations of rural landscapes that contain
land conversion to urban use. While being directly affected by changes in the subsidy regime, results of
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this study suggest that both increasing tree crops and decreasing fallow land are indirectly associated
with this building trend.
Considering the distinct dynamics that have characterized landscape transformations in Attica
during the last economic expansions and recessions, fallow land was hypothesized to act as a land stock
in the most recent decade, being available to both agricultural production and real estate speculation
depending on economic downturns, planning flexibility and the specific subsidy regime. During
economic expansion, fallow land increased thanks to direct payment to set-aside. At the same time,
when building activity and land speculation were the highest, fallow land consolidated as a land
stock, with some owners waiting for land zoning revisions—a frequent process in Greece, at least
up to the early 2000s. Latent factors, such as poor effectiveness of town planning and expansion of
unauthorized, and often illegal, buildings converted to legal settlements before political elections,
contributed to this process. Conversely, fallow land in 2015 concentrated in less accessible, forest
and upland districts further away from Athens. Under a progressively reduced subsidy regime,
these districts were characterized together by slight increase in building activity and real estate
speculation (possibly thanks to planned gains in road accessibility to Athens) and relatively low
agricultural productivity. This specific pattern was confirmed by the spatial distribution of fallow land
receiving subsidies in 2015, which was totally independent from the spatial distribution of fallow land
in total cropland. Fallow land under subsidies hence concentrated in areas more exposed to real-estate
speculation (e.g., Eastern Attica), while decreasing significantly in areas more specialized in agriculture
(e.g., Western Attica), where land profitability is higher. Agro-environmental measures promoting
more sustainable cropping systems may also contribute to this spatial pattern, being more relevant in
rural areas with less intensive agriculture.
Together with cropland decline, the share of irrigated land in total cultivated land showed a
small increase in rural Attica (from 8.8% to 13.1%), compared with the slight decline observed in
the Greater Athens’ area (from 3.9% to 1.7%) [29,59–61]. This evidence outlines, at least for the last
decade, an increasing polarization in economically-marginal rural land (with high rate of cropland
abandonment, forestation, moderate human pressure, and urban sprawl) and highly-productive
agricultural districts (with decreasing proportion of fallow land, stable cropland, a more intense
conversion to tree crop systems, and reduced land speculation for alternative uses of land—including
conversion to urban destinations). These findings are in line with more general transformations
of rural landscapes recently observed in Attica and in other Mediterranean urban regions [62–65],
including local-scale processes of agricultural intensification (increase in vineyards and garden
crops and consequent decrease in arable land) or extensivation (expansion of tree crops, mainly
olive groves). For instance, it was demonstrated how olive groves may buffer human pressure
in peri-urban areas, contributing to ecological stability through soil protection and high-quality
water conservation [42,50,66–70]. Urban growth, rural development, new attitudes of farmers
through irrigation, intensification, and mechanization, as well as more latent effects linked with
the disappearance of full-time farmers and large-size farms, have contributed to shape the rural
landscape around cities, with marginal land being more influenced by sequential cycles of economic
expansion and recession [71]. In these regards, economic instability contributes to the inherent
differences between peri-urban landscapes with intense industrialization and compact urbanization
and mixed rural landscapes with resilient “cultivation patches”, involving inevitable trade-offs among
land profitability and rural identity [72].
Results of this study outline a sort of landscape “co-evolution” between urban expansion,
economic cycles and peri-urban farming systems. Understanding how countryside cohabits with other
uses of land along urban fringes is necessary since the current landscape can be recognized as an
“agriburbia”, where agricultural production is mixed with other uses [73,74]. Multifaceted processes
underlying such co-evolution have been observed in the study area over the last decades, leading urban
and rural elements to coexist [53]. In these regards, fallow land is supposed to be a landscape element
sensitive to the latent interplay between economy, society and environment. Further investigation is
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required to ascertain the role of fallow land as (i) a reserve of value for building purposes thanks to
real estate speculation, and (ii) as a land stock available for more profitable cultivations, determining
agricultural intensification of fringe districts.
Central and local governments are requested to develop land-use plans incorporating measures
for stabilization of marginal land, intended as a proxy of sustainable agriculture, natural conservation
and preservation of typical cropping systems [42,44,68,75–83]. Our results suggest that direct subsidies
to fallow land are a key part of this strategy at least up to 2006. In the last decade, the spatial distribution
of land under subsidies was substantially different from the distribution of total fallow land at both
local and regional scale. In this renewed context—with the progressive reduction of direct payments
to set-aside—subsidies indirectly promoted stability of fallow land only in some areas, e.g., preventing
conversion to alternative agricultural use of land in rural marginal areas, while consolidating pressures
for land speculation and conversion to urban use in peri-urban districts.
5. Conclusions
Spatio-temporal trends of total cropland and fallow land—and especially the most recent dynamics
under recession—may reflect resilience and adaptability of Mediterranean peri-urban landscapes
to changing socio-demographic conditions [17]. Under the assumption that soil deterioration and
manipulation of rural landscapes result from various kinds of land mismanagement, preserving
marginal land from both soil degradation—a particularly acute environmental process in Southern
Europe—and physical loss (e.g., conversion to urban use) is an important issue for any strategy of rural
development. In line with a generalized expansion of forests and shrubland and the contemporary
loss of farmland in several European regions, promoting the expansion of agroforestry systems with
multiple use of the land to develop tourism, wildlife, hunting and sports, is an effective measure
contributing to maintain ecological potential and cultural traditions associated with landscapes
dominated by fallow land. These opportunities can be combined with extensive grazing and
timber production. Based on this framework, territorial variability, topographic complexity and
urbanization-driven land fragmentation are a relevant challenge for politicians, policy makers and
land managers [44,84–91]. Under the assumption that regional transformations impact (positively or
negatively) local socioeconomic systems, the resulting environmental conditions required extensive
monitoring and coherent policy interventions from a socio-ecological perspective. In this line
of thinking, landscape transformations can be more effectively governed by multi-level policies
reconnecting short-term and long-term socioeconomic targets, managing together economic downturns
and structural change.
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